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(57) ABSTRACT

A TFT array substrate, a fabrication method thereof and a
display device. The TFT array substrate, comprising: gate
lines (19), data lines (20) and a plurality of pixel units, each
pixel unit comprises: a common electrode line (11), a gate
insulating layer (16), a passivation layer (17) and a pixel
electrode (12) in this order, wherein a backup common elec-
trode line (41) is disposed at a position between the gate
insulating layer (16) and the passivation layer (17) and oppo-
site to the common electrode line (11), the backup common
electrode line (41) is electrically insulated from the data line
(20). The TFT array substrate with this structure can avoid the
short circuit between the pixel electrode (12) and the common
electrode line (11).

17 Claims, 3 Drawing Sheets
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TFT ARRAY SUBSRATE, FABRICATION
METHOD, AND DISPLAY DEVICE THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based on International Application No.
PCT/CN2013/071544 filed on Feb. 7, 2013, which claims
priority to  Chinese National Application No.
201220102226.9 filed on Mar. 16, 2012, the contents of
which are incorporated herein by reference.

FIELD OF THE ART

Embodiments of the invention relate to the field of liquid
crystal display, especially relate to a TFT array substrate, a
manufacturing method, and a display device thereof.

BACKGROUND

Since thin film transistor liquid crystal display (TFT-LCD)
has characteristics of small volume, low power consumption,
no radiation and so on, it has become the leading products in
the flat panel display market at present, wherein a TFT array
substrate is the major component of the TFT-LCD.

A conventional TFT array substrate, as shown in FIG. 1,
comprises: gate lines 19, data lines 20, and pixel units defined
by the gate lines 19 and the data lines 20. Taking one of pixel
units for example in FIG. 1, and at the same time referring to
the sectional view of the pixel unit along the A-A line as
shown in FIG. 2, it can be seen that the pixel unit comprises:
a common electrode line 11, a gate electrode 13 of a thin film
transistor, a source electrode 14 of the thin film transistor, a
drain electrode 15 of the thin film transistor, a gate insulting
layer 16, a semiconductor active layer, a passivation layer 17,
apixel electrode 12 and so on; wherein, the pixel electrode 12
is connected to the drain electrode 15 through a through-hole
in the passivation layer between the passivation layer 17 and
drain electrode 15.

As shown in FIG. 2, the gate insulating layer 16 and the
passivation layer 17 are disposed between the common elec-
trode line 11 and the pixel electrode 12, but when the through-
hole in the passivation layer is fabricated by the conventional
etching process, once the manufacturing error is presented,
because the material of the passivation layer and the gate
insulting layer is the same or similar to each other, the passi-
vation layer will fracture, and it may also bring about the
situation in which the gate insulating layer is eroded (for
example, eroded by the etchant) and fractures in the same
position. If this position is the location of the common elec-
trode line, it will cause short circuit between the pixel elec-
trode and the common electrode line, thus a bright spot or
bright line may be presented on the liquid crystal display
panel (display screen).

SUMMARY

Accordingly, in order to solve the problem of the short
circuit between the pixel electrode and the common electrode
line, embodiments of the invention provides a TFT array
substrate, a manufacturing method, and a display device
thereof.

The first aspect of the present invention provides a TFT
array substrate, comprising: a plurality of gate lines, a plural-
ity of data lines, a plurality of pixel units defined by the gate
lines and the data lines, wherein each pixel unit comprises: a
common electrode line and a pixel electrode, and a gate
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insulating layer as well as a passivation layer formed in this
order between the common electrode line and the pixel elec-
trode; wherein in each pixel unit, a backup common electrode
line is disposed at a position between the gate insulating layer
and the passivation layer and opposite to the common elec-
trode line; and the backup common electrode line is electri-
cally insulated from the data line.

The second aspect of the present invention provides a dis-
play device, comprising the aforementioned TFT array sub-
strate.

The third aspect of the present invention provides a method
of manufacturing a TFT array substrate comprising: forming
a plurality of gate lines and a plurality of data lines on the
substrate, and forming a plurality of pixel units in regions
defined by the gate lines and data lines, wherein the formation
of each of the pixel units comprising:

forming a common electrode line and a gate insulating
layer in this order;

forming a backup common electrode line on the gate insu-
lating layer, wherein the backup common electrode line is
disposed at a position opposite to the common electrode line
and the backup common electrode line is electrically insu-
lated from the data line; and

forming a passivation layer and a pixel electrode over the
backup common electrode line.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the invention, the drawings of the embodi-
ments will be briefly described in the following; it is obvious
that the described drawings are only related to some embodi-
ments of the invention and thus are not limitative of the
invention.

FIG. 1is atop view of a conventional TFT array substrate;

FIG. 2 is a sectional view of the array substrate taken along
line A-A of FIG. 1,

FIG. 3 is a top view of a TFT array substrate according to
an embodiment of the invention;

FIG. 4 is a sectional view of the array substrate taken along
line A-A of FIG. 3;

FIG. 5 is a sectional view of the array substrate when a
passivation layer fractures;

FIG. 6 isatop view of another TFT array substrate accord-
ing to an embodiment of the invention;

FIG. 7 is a sectional view of the array substrate taken along
line B-B of FIG. 6.

DESCRIPTION OF THE REFERENCE
NUMERALS

11—common electrode line; 12—pixel electrode;
13—gate electrode; 14—source electrode; 15—drain elec-
trode; 16—gate insulating layer; 17—passivation layer;
19—gate line; 20—data line; 41—backup common electrode
line; 42—1light-shielding strip; 43—backup light-shielding
strip

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
solutions of the embodiment will be described in a clearly and
fully understandable way in connection with the drawings
related to the embodiments of the invention. It is obvious that
the described embodiments are just a part but not all of the
embodiments of the invention. Based on the described



US 9,240,422 B2

3

embodiments herein, those skilled in the art can obtain other
embodiment(s), without any inventive work, which should be
within the scope of the invention.

Unless otherwise defined, all the technical and scientific
terms used herein have the same meanings as commonly
understood by one of ordinary skill in the art to which the
present invention belongs. The terms “first,” “second,” etc.,
which are used in the description and the claims ofthe present
application for invention, are not intended to indicate any
sequence, amount or importance, but distinguish various
components. Also, the terms such as “a,” “an,” etc., are not
intended to limit the amount, but indicate the existence of at
lease one. The terms “comprises,” “comprising,” “includes,”
“including,” etc., are intended to specify that the elements or
the objects stated before these terms encompass the elements
or the objects and equivalents thereof listed after these terms,
but do not preclude the other elements or objects. The phrases
“connect”, “connected”, etc., are not intended to define a
physical connection or mechanical connection, but may
include an electrical connection, directly or indirectly. “On,”
“under,” “right,” “left” and the like are only used to indicate
relative position relationship, and when the position of the
object which is described is changed, the relative position
relationship may be changed accordingly.

As shown in FIG. 3, an embodiment of the invention pro-
vides a TFT array substrate, comprising: a plurality of gate
lines 19, a plurality of data lines 20, a plurality of pixel units
defined by the gate lines 19 and the data lines 20, wherein
each pixel unit comprises: a common electrode line 11 and a
pixel electrode 12, as well as a gate insulating layer 16 and a
passivation layer 17 formed in this order between the com-
mon electrode line 11 and the pixel electrode 12. In each pixel
unit, a backup common electrode line 41 is disposed at a
position between the gate insulating layer 16 and the passi-
vation layer 17 and opposite to the common electrode line 11,
and the backup common electrode line 41 does not electri-
cally connect to the data line 20, namely, they are electrically
insulated from each other.

The backup common electrode line 41 can be made of the
same material as the common electrode line 11, for example,
it can be made by the metal such as copper, molybdenum or
the like.

It should be noted that, in order to simultaneously show the
backup common electrode line 41 and the common electrode
line 11 in the top view of FIG. 3, a slight dislocation at their
positions can be seen in FIG. 3, but in fact the backup com-
mon electrode line 41 is disposed at the position opposite to
the common electrode line 11 (namely at their overlapping
position), which can be seen clearly in FIG. 4. Moreover, all
the common electrode lines of the pixel units in the same row
(the row is parallel to the gate line) can be connected together,
normally, they form an integral structure. It should be noted
that the backup common electrode line 41 added in the
present embodiment is disposed at a position opposite to the
common electrode line 11 in each pixel unit, and although
each of the backup common electrode line 41 and the dataline
20 is disposed between the gate insulating layer 16 and the
passivation layer 17, the backup common electrode line 41 is
not electrically connected to the data line 20, as shown in FIG.
3.

FIG. 4 is a sectional view of the TFT array substrate shown
in FIG. 3 along the A-A line, by referring to FIG. 4, it is can
be seen clearly that the gate insulating layer 16, the passiva-
tion layer 17 and the backup common electrode line 41 which
is disposed at the position opposite to the common electrode
line 11 and also disposed between the gate insulating layer 16

10

15

20

25

30

35

40

45

50

55

60

4

and the passivation layer 17 are disposed between the pixel
electrode 12 and the common electrode line 11.

The material of the passivation layer 17 is silicon nitride in
general, while the material of the backup common electrode
line 41 is the same as the common electrode line 11, so the
methods of etching these two films 17 and 41 which made of
different materials are not the same. As shown in FIG. 5,
during the procedure of fabricating the through-hole in the
passivation layer 17 by etching (the etching can be achieved
by using either an etchant or gas for dry etching), even if the
passivation layer 17 over the common electrode line 11 is
eroded and fractures caused by the manufacturing error, the
etching method of forming the through-hole in the passiva-
tion layer 17 is not capable of making damage to the backup
common electrode line 41, thus the gate insulating layer 16
under the position of the backup common electrode line 41
will not fracture. As a result, the short circuit between the
pixel electrode 12 and the common electrode line 11 can be
avoided to some extent, and the bright point or bright line will
not emerge on the display.

In addition, when the common electrode line 11 in one
pixel unit fractures, the common electrode line 11 in this pixel
unit can be connected with the backup common electrode line
41 by the laser welding method and so on, thus the normal
transmission of the electrical signal on the common electrode
line 11 can be ensured.

Preferably, the backup common electrode line 41 and the
data line 20 are disposed in the same layer. In all the embodi-
ments of the present invention, “same layer” refers to a plu-
rality of patterns or structures which are formed by using the
same material in the same and one fabricating step (i.e. pat-
terning process). The procedure of disposing the backup com-
mon electrode line 41 and the data line 20 in the same layer
comprises steps of: fabricating a metal thin film by using
molybdenum, copper or other metal materials, and patterning
the metal thin film by a patterning process, thus the data line
20 and the backup common electrode line 41 are obtained in
the same layer. The pattern of the source and drain electrodes
of'the TFT can also be formed in the metal thin film. Disposed
in the same layer can make the manufacturing process simple,
so it is preferred. Of course, the backup common electrode
line 41 and the data line 20 can also be disposed in two
different layers in the embodiments of the present invention.
In that case, it needs to form two metal thin films and then
pattern these two metal thin films respectively, such that the
data line 20 and the backup common electrode line 41 can be
obtained. There is a variety of methods for forming the metal
thin film, so the present invention makes no limitation to it.

In another embodiment, the pixel unit further includes a
light-shielding strip 42, as shown in FIGS. 6 and 7. The
light-shielding strip 42 and the common electrode line 11 can
be of an integral structure (depending on the practical condi-
tion, they can also be of a non-integral structure). As shown in
FIGS. 6 and 7, the light-shielding strip 42 is disposed near the
opposite edges of the pixel unit 12 and located in the same
layer with the common electrode line 11, which is used to
improve the light leakage phenomenon in the pixel unit.

Referring to FIG. 6 and FIG. 7, in order to further prevent
the short circuit between the pixel electrode 12 and the light-
shielding strip 42, each pixel unit in the TFT array substrate of
the present invention may further comprises a backup light-
shielding strip 43, which is disposed on the position opposite
to the light-shielding strip 42 and also between the gate insu-
lating layer 16 and the passivation layer 17. The backup
light-shielding strip 43 is not electrically connected to the
data line 20.
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It should be noted that, in order to simultaneously show the
light-shielding strip 42 and the backup light-shielding strip 43
in FIG. 6, a slight dislocation can be seen at their relative
positions, but in fact the light-shielding strip 42 is opposite to
the backup light-shielding strip 43. In FIG. 7, it can be clearly
seen that the positions of the light-shielding strip 42 and the
backup light-shielding strip 43 are opposite to each other
(overlap with each other). It should be noted that, although
both the backup light-shielding strip 43 and the data line 20
are disposed between the gate insulating layer 16 and the
passivation layer 17, the backup light-shielding strip 43 and
the data line 20 are not electrically connected to each other.

When the passivation layer 17 and the gate insulating layer
16 fractures at the location of the light-shielding strip 42, the
pixel unit 12 is electrically connect to the light-shielding strip
42, especially for the situation in which the light-shielding
strip 42 and the common electrode line 11 is an integral
structure, it may lead to a short circuit between the pixel
electrode 12 and the common electrode line 11. In order to
prevent the short circuit between the pixel unit 12 and the
common electrode line 11, in the embodiment of the present
invention, the backup light-shielding strip 43 is disposed
between the gate insulating layer 16 and the passivation layer
17.

Specifically, with disposing the backup light-shielding
strip 43, even if the passivation layer 17 is eroded and frac-
tures, the etching procedure (the etching can be achieved by
using either an etchant or gas for dry etching) of forming the
through-hole in the passivation layer 17 is not capable of
making damage to the backup light-shielding strip 43, thus
the gate insulating layer 16 under the position of the backup
light-shielding strip 43 will not fracture. As a result, in the
area of the backup light-shielding strip 43, the short circuit
between the pixel electrode 12 and the light-shielding strip 42
can be avoided. There is another possible situation where the
passivation layer 17 may fracture when it is squeezed or
doped with impurities, since the presence of the backup light-
shielding strip 43, the gate insulating layer 16 under it will not
fracture, so in the area of the backup light-shielding strip 43,
the short circuit between the pixel electrode 12 and the light-
shielding strip 42 can be avoided, and the short circuit
between the pixel electrode 12 and the common electrode line
11 can be also avoid.

In this embodiment, the backup light-shielding strip 43 and
the backup common electrode line 41 can also be of a non-
integral structure, but as shown in FIG. 6, it is preferred that
the backup light-shielding strip 43 and the backup common
electrode line 41 are of an integral structure, because in the
pixel unit of FIG. 6, the region of the backup light-shielding
strip 43 and the backup common electrode line 41 of the
integral structure entirely correspond to the regions of the
light-shielding 42 and the common electrode line 11 of the
integral structure, thus the short circuit, which may occur at
any positions of the area of the light-shielding 42 and the
common electrode line 11, can be prevented from the pixel
unit 12.

Preferably, in each pixel unit, the pattern of the backup
common electrode line 41 covers the pattern of the common
electrode line 11 completely. In this case, when the passiva-
tionlayer 17 is eroded and fractures, since the etching method
of forming the through-hole in the passivation layer 17 is not
capable of making damage to the backup common electrode
line 41, the gate insulating layer 16 will not fracture, at this
time, since the pattern of the backup common electrode line
41 covers the pattern of the common electrode line 11 com-
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6

pletely, the short circuit between the area of the common
electrode line 11 and the pixel electrode 12 can be better
avoided.

Preferably, in each pixel unit, the pattern of the backup
light-shielding strip 43 covers the pattern of the light-shield-
ing strip 42 completely. In this case, when the passivation
layer 17 is eroded and fractures, due to the etching method of
forming the through-hole in the passivation layer 17 is not
capable of making damage to the backup light-shielding strip
43, the gate insulating layer 16 will not fracture, at this time,
since the pattern of the backup light-shielding strip 43 covers
the pattern of the light-shielding strip 42 completely, thereby
the short circuit between the area of the light-shielding strip
42 and the pixel electrode 12 can be avoided, furthermore, the
short circuit between the common electrode 11 and the pixel
electrode 12 can be also avoid.

It should be noted that the pattern of the common electrode
line 11 in a pixel unit refers to the overlapping area between
the common electrode line 11 and the pixel electrode 12. The
“complete cover” refers to that the upper pattern completely
blocks the lower pattern from a top view; of course, in a
special case, the “complete cover” refers to complete over-
lapping.

Preferably, the backup light-shielding strip 43 and the data
line 20 are disposed in the same layer. When the backup
light-shielding strip 43 and the backup common electrode
line 41 are integral structure, it is preferred that the backup
common electrode line 41, the backup light-shielding strip 43
and the data line 20 are disposed in the same layer. Specifi-
cally, three patterns of the respective backup common elec-
trode line 41, the backup light-shielding strip 43 and the data
line 20 are formed in the same thin film by using the pattern-
ing process. The procedure of disposing the backup common
electrode line 41, the backup light-shielding strip 43 and the
data line 20 in the same layer comprises steps of: fabricating
a source/drain metal thin film by using the molybdenum,
copper or other metal materials, and patterning the source-
drain metal by a patterning process so as to form the data line
20, the backup common electrode line 41, the backup light-
shielding strip 43 and the pattern of the source electrode and
drain electrode of the TFT. Disposed in the same layer can
make the manufacturing process simple, so it is preferred. Of
course, in other embodiments of the present invention, the
backup common electrode line 41, the backup light-shielding
strip 43 and the data line 20 can be disposed in the three
different layers.

An embodiment of the invention also provides a method of
manufacturing the TFT array substrate, which comprises:
forming the gate lines 19, the data line 20 and forming a
plurality of pixel units in regions defined by the gate lines 19
and data lines 20 on the substrate, wherein the formation of
each of the pixel units comprises:

forming the common electrode line 11 and the gate insu-
lating layer 16 in this order;

forming the backup common electrode line 41 on the insu-
lating layer 16, the backup common electrode line 41 is
disposed at a position opposite to the common electrode line
11 and electrically insulated from the data line 20; and

forming the passivation layer 17 and the pixel electrode 12
over the backup common electrode line 41.

In an example, the backup common electrode lines 41 and
the data line 20 are preferably formed in the same layer, which
can make the production process simple. Specifically, the
procedure of forming the backup common electrode line 41
and the data line 20 comprises steps of: fabricating a metal
thin film by using molybdenum, copper or other metal mate-
rials, and patterning the metal thin film by a patterning pro-
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cess, so as to form the pattern of the data line 20 and the
backup common electrode line 41. The pattern of the source
and drain electrodes of the TFT can also be formed in the
metal thin film. In addition, the pattern of the backup common
electrode line 41 is preferably configured to completely cover
the pattern of the common electrode line 11.

In another example, the formation of each of the pixel unit
further comprises:

forming the light-shielding strip 42, and

forming the backup light-shielding strip 43 between the
gate insulting layer 16 and the passivation layer 17, the
backup light-shielding strip 43 is disposed at the position
opposite to the light-shielding strip 42 and electrically insu-
lated from the data line 20, thereby preventing the short
circuit between the pixel electrode 12 and the light-shielding
strip 42.

The backup light-shielding strip 43 and the data line 20 are
preferably formed in the same layer; more preferably, the
backup common electrode line 41, the backup light-shielding
strip 43 and the data line 20 are all disposed in the same layer,
so as to simple the manufacture process. In addition, the
pattern of the backup light-shielding strip 43 is preferably
configured to completely cover the pattern of the light-shield-
ing strip 42. The backup light-shielding strip 43 and the
backup common electrode line 41 are preferably of an inte-
gral structure.

An embodiment of the invention also provides a display
device comprising a TFT array substrate in any of the above
embodiments. For example, the TFT array substrate com-
prises: a plurality of gate lines 19, a plurality of data lines 20,
a plurality of pixel units defined by the gate lines 19 and the
data lines 20, wherein each pixel unit comprises: a common
electrode line 11 and a pixel electrode 12, and a gate insulat-
ing layer 16 and a passivation layer 17 formed in this order
between the common electrode line 11 and the pixel electrode
12; wherein in each pixel unit, a backup common electrode
line 41 is disposed at a position between the gate insulating
layer 16 and the passivation layer 17 and also opposite to the
common electrode line 11; and the backup common electrode
line 41 is electrically insulated from the data line 20.

An example of the display device is a liquid crystal display
device, in which the TFT array substrate and an opposed
substrate are disposed opposite to each other so as to form a
liquid crystal cell, and a liquid crystal material is filled in the
liquid crystal cell. The opposed substrate is, for example, a
color filter substrate. A pixel electrode in each pixel unit of the
TFT array substrate acts to apply an electric field for control-
ling the rotation degree of the liquid crystal material, so as to
conduct a display operation. In some examples, the liquid
crystal display device further comprises a backlight source
used to provide backlight for the TFT array substrate.

Another example of the display device is an organic elec-
troluminescent display device, in which a layer of the organic
luminescent material is formed on the TFT array substrate,
and a pixel electrode in each pixel unit of the TFT array
substrate functions as an anode or a cathode for driving an
organic light emitting material to emit light, so as to conduct
a display operation.

Still another example of the display device is an E-paper
display device, in which a layer of electron ink is formed on
the TFT array substrate, and a pixel electrode in each pixel
unit of the TFT array substrate is used to apply the voltage for
driving charge particles to move in the electron ink, so as to
conduct a display operation.

What are described above is related to the illustrative
embodiments of the disclosure only and not limitative to the
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scope of the disclosure; the scopes of the disclosure are
defined by the accompanying claims.

What is claimed is:

1. A TFT array substrate, comprising: a plurality of gate
lines, a plurality of data lines, a plurality of pixel units defined
by the gate lines and the data lines, wherein each pixel unit
comprises: a common electrode line and a pixel electrode,
and a gate insulating layer as well as a passivation layer
formed in this order between the common electrode line and
the pixel electrode; wherein in each pixel unit, a backup
common electrode line is disposed at a position between the
gate insulating layer and the passivation layer and opposite to
the common electrode line; and the backup common elec-
trode line is electrically insulated from the data line.

2. The array substrate of claim 1, wherein in each pixel unit,
the pattern of the backup common electrode line covers the
pattern of the common electrode line completely.

3. The array substrate of claim 1, wherein the backup
common electrode line and the data line are disposed in the
same layer.

4. The array substrate of claim 1, wherein the pixel unit
further comprises a light-shielding strip, and

in each pixel unit, a backup light-shielding strip is disposed

at a position between the gate insulating layer and the
passivation layer and opposite to the light-shielding
strip; the backup light-shielding strip is electrically insu-
lated from the data line.

5. The array substrate of claim 4, wherein the backup
light-shielding strip and the backup common electrode line
are of an integral structure.

6. The array substrate of claim 4, wherein in each pixel unit,
the pattern of the backup light-shielding strip covers the pat-
tern of the light-shielding strip completely.

7. The array substrate of claim 4, wherein the backup
light-shielding strip and the data line are disposed in the same
layer.

8. The array substrate of claim 4, wherein the backup
common electrode line, the backup light-shielding strip and
the data line are disposed in the same layer.

9. A display device, comprising the TFT array substrate of
claim 1.

10. A method of manufacturing a TFT array substrate,
comprising: forming a plurality of gate lines and a plurality of
data lines on the substrate, and forming a plurality of pixel
units in regions defined by the gate lines and data lines,
wherein the formation of each pixel unit comprising:

forming a common electrode line and a gate insulating

layer in this order;

forming a backup common electrode line on the gate insu-

lating layer, wherein the backup common electrode line
is disposed at a position opposite to the common elec-
trode line and the backup common electrode line is
electrically insulated from the data line;

forming a passivation layer and a pixel electrode over the

backup common electrode line.

11. The manufacturing method of claim 10, wherein in
each pixel unit, the pattern of the backup common electrode
line covers the pattern of the common electrode line com-
pletely.

12. The manufacturing method of claim 10, wherein the
backup common electrode line and the data line are formed in
the same layer.

13. The manufacturing method of claim 10, wherein the
formation of each pixel unit further comprises:

forming a light-shielding strip, and

forming a backup light-shielding strip between the gate

insulating layer and the passivation layer, the backup
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light-shielding strip is disposed at a position opposite to
the light-shielding strip and the backup light-shielding
strip is electrically insulated from the data line.

14. The manufacturing method of claim 13, wherein the
backup light-shielding strip and the backup common elec-
trode line are of an integral structure.

15. The manufacturing method of claim 13, wherein in
each pixel unit, the pattern of the backup light-shielding strip
covers the pattern of the light-shielding strip completely.

16. The manufacturing method of claim 13, wherein the
backup light-shielding strip and the data line are formed in the
same layer.

17. The manufacturing method of claim 13, wherein the
backup common electrode line, the backup light-shielding
strip and the data line are formed in the same layer.

#* #* #* #* #*
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